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METHOD AND DEVICE FOR REGENERATING A PARTICLE FILTER BUILT INTO 
AN EXHAUST LINE OF AN INTERNAL COMBUSTION ENGINE 

The present invention relates to a method and a device for regenerating a particle filter built 
into an exhaust line of an internal combustion engine, particularly of the diesel type. 

It relates in particular to a method and a device for regulating the heat release, or exotherm, 
of the particle filter. 

In general, a particle filter is used to pick up particles and soot contained in the exhaust 
gases and prevent them from being released into the atmosphere. However, these particles and 
soots have the property of clogging the filter after a certain usage period and causing back- 
pressure to build up in the exhaust line, which may cause an engine malfunction. 

It is known that as soon as this filter reaches a predetermined clogging level, a filter 
regeneration sequence is triggered, generally by the engine control. This regeneration sequence 
consists essentially of burning the particles and soots present in this filter. For this purpose, the 
temperature of the exhaust gases passing through the filter is raised temporarily to assist with 
combustion of these particles, this combustion generally being exothermic. The duration of this 
gas temperature rise depends on the increase in back-pressure of the gases in the exhaust line. 

One method of raising this temperature consists of having the engine operate in lean mode, 
i.e. with richness less than 1, so that the oxygen present in the exhaust gases participates also in 
combustion of the particles and soots contained in the filter. 

However, the combustion inside the filter cannot be controlled, which can lead to very high 
temperatures inside it. These temperatures can cause the material of which the filter is made to 
deteriorate or even be destroyed. 

The problem is even more significant when other functions are built into this filter. In 
particular, the filter can be used as a substrate for catalysts such as platinum or rhodium to 
convert the gas pollutants present in the exhaust gases, such as carbon oxides (CO), unburned 
hydrocarbons (HC), or nitric oxides (NOx). In this configuration, when the catalyzed particle 
filter is regenerated, the internal exotherm of this filter is increased by catalytic conversion not 



only of the COs and HCs in the exhaust gases but also of the HCs that desorb from the internal 
structure of the particles and the COs resulting from combustion of these particles and soots. 
This has the drawback of causing deterioration of the catalytic phases present on this filter, 
which can no longer fulfill their function of converting the polluting gaseous phases present in 
the exhaust gases. 

Document FR 2,829,526 teaches monitoring the temperature of the particle filter by a 
temperature sensor disposed in or downstream of this filter. When a temperature threshold is 
reached, the combustion of the particles and soots is limited or even stopped by reducing the 
concentration of the oxygen present in the exhaust gases passing through this filter. 

Such an arrangement, although it is satisfactory, has the non-negligible drawback of not 
giving a true representation of the various temperatures prevailing in various regions of the filter, 
mainly when the temperature sensor is disposed downstream of the filter. When there is a local 
temperature elevation inside the filter, the sensor downstream of the filter cannot pick up such an 
increase and the regeneration continues, with the risk of locally degrading the filter. Also, the 
sensor inside the filter can pick up the temperature only in a very particular spot in the filter. 

The goal of the present invention is to overcome the drawbacks referred to above by 
simple, effective management of the exotherm of the particle filter, even when this filter is 
catalyzed. 

For this purpose, the present invention proposes a method for regenerating a particle filter 
built into an exhaust line of an internal combustion engine, with the exhaust gases passing 
through the filter from an inflow face to an outflow face, characterized in that, during filter 
regeneration, the internal temperature of at least two regions of the filter is monitored, the 
oxygen level of the exhaust gases is reduced when at least one of the temperatures monitored is 
greater than a critical temperature, and the oxygen level of the exhaust gases is increased to 
continue filter regeneration when all the temperatures monitored are less than the critical 
temperature. 

Advantageously, the internal temperature of a region of the filter can be monitored near its 
inflow face. 

The internal temperature of a region of the filter can also be monitored near its outflow 

face. 



The internal temperature of a middle region of the filter can also be monitored. 

When desulfation of a NOx trap is performed, the internal temperature of at least two 
regions of the filter can be monitored after desulfation of the trap. 

Preferably, the oxygen level of the exhaust gases can be reduced by operating the engine in 
rich mode. 

The oxygen level of the exhaust gases can be increased by operating the engine in lean 
mode. 

The invention also relates to a device for regenerating a particle filter built into an exhaust 
line of an internal combustion engine, said filter having an exhaust gas inflow face and outflow 
face, characterized by including at least two temperature sensors located inside the filter. 

Preferably, a temperature sensor can be placed in the vicinity of the inflow face of the 

filter. 

Likewise, a temperature sensor can be placed in the vicinity of the outflow face of the 

filter. 

Advantageously, a temperature sensor can be placed in a middle region of the filter. 

i 

The particle filter can include catalytic phases for treating pollutants contained in the 
exhaust gases. 

The other features and advantages of the invention will emerge from reading the 
description hereinbelow, provided only as an illustration and not limitatively, with reference to 
the drawings: 

Figure 1 shows schematically a regeneratable particle filter according to the invention; 

Figure 2 is a schematic view of an internal combustion engine using the particle filter in 
Figure 1; 

Figure 3 is a flowchart showing the various steps of filter regeneration; 
Figure 4 is a variant of Figure 2; and 

Figure 5 is a graph showing the changes in richness (R) as a function of time (t) when the 
filter used in Figure 4 is regenerated.. 



In Figure 1, the particle filter 10 is accommodated in an exhaust line 12. This filter is 
traversed by the exhaust gases 14 which circulate, as indicated by the arrows, from the inflow 
face 16 of the filter to its outflow face 18. As is known of itself, the filter is made of a monolith 
20 having channels 22 disposed in the circulation direction of gases 14. As an example, as can be 
seen in Figure 1, some of the channels are obstructed at the inflow face 16 while others are 
obstructed at the outflow face 18 in order to achieve circulation of the exhaust gases in this filter, 
as illustrated by arrows F. 

Of course, without thereby departing from the invention, the channels 22 of this monolith 
can be coated with catalytic phases for converting the polluting gas phases of the exhaust gases, 
such as CO, HC, or NOx. 

hi view of the large volume of the particle filter, which can be greater than three liters, and 
the heterogeneity of the particle and soot deposits along channels 22 and hence burnup of these 
particles when the filter is regenerated, the internal temperature of this filter is monitored in at 
least two regions. 

In practice, several temperature sensors are disposed in the filter to monitor these 
temperatures, preferably in one of channels 22. 

More specifically, a temperature sensor 24, known as the downstream sensor, is placed in a 
region at a short distance, approximately 3 cm, from the outflow face 18. This sensor controls the 
internal temperature of the filter with a longitudinal temperature gradient of less than 200°C. It is 
generally at this spot where the temperature resulting from particle and soot combustion is at its 
maximum. Moreover, if a particle filter coated with catalytic phases is used, it is also at this spot 
that the maximum temperature resulting from particle combustion is increased still further by 
catalytic conversion of the exhaust gas pollutants such as CO and/or HCs. 

A temperature sensor 26, known as the upstream sensor, is located in another region of the 
filter and at an axial distance from the downstream sensor. This sensor is accommodated in a 
region at a short distance, also about 3 cm, from the inflow face 16 of the filter. This sensor 
regulates the internal thermal gradient of the filter with an amplitude less than 100°C. This is the 
point where the exotherm of the filter corresponding mainly to catalysis of polluting phases of 
the CO, HC, or NOX type is concentrated when its filter is catalyzed. 
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A temperature sensor 28, known as the central sensor, is positioned essentially in the 
middle zone of the filter. This sensor gives information on the temperature gradient with an 
amplitude less than a few tens of degrees. 

Advantageously, a temperature sensor 30 upstream of the filter as well as a temperature 
sensor 32 downstream of this filter are also provided. 

With reference to Figure 2, this filter and these sensors are located in the exhaust line 12 of 
an internal combustion engine 34, particularly of the Diesel type. 

This engine has at least one cylinder 36 with a combustion chamber 38, means 40 for 
supplying the combustion chambers with fuel, and means for exhausting the burned gases 42, 
connected to the exhaust line 12. Advantageously, a supercharger 44 such as a turbocompressor 
can be disposed between the outflow of the exhaust gases from the engine and the particle filter 
10. 

s 

The exhaust line also has a probe X 46 upstream of the filter serving to measure the value X 
of the exhaust gases, a pressure sensor 48 sensing the exhaust gases and located downstream of 
the filter, and another gas pressure sensor 50 disposed downstream of the particle filter. The 
pressure sensors measure the pressure drop of the exhaust gases between the inlet 16 and the 
outlet 18 of the particle filter 10. 

The various sensors and the probe are connected by lines 52 to a control unit 54, known as 
the engine control. This unit is also connected to the engine by a two-directional line 56 giving 
information at all times on engine function, such as engine speed. Unit 54 also transmits, via line 
56, once the signals received from the sensors and probe have been processed, commands to the 
various engine elements that affect engine operation such as the fuel injector 40 and/or air 
admission (not shown). 

To evaluate the status of charging with particles present in the particle filter 10, unit 54 
receives signals representing the pressure upstream and downstream of filter 10 through pressure 
sensors 48 and 50. This unit calculates the pressure loss of the exhaust gases between the 
upstream and downstream sides of the particle filter 10 and evaluates the degree of filter 
clogging, for example through a model stored in unit 54. If this level reaches a threshold value, 
the particle filter regeneration sequence is triggered and the control unit sends instructions over 
line 56 to certain engine elements 34 causing this engine to go into lean combustion mode with 
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an increasing richness determined to be less than 1 . For example, the richness of the exhaust 
gases is such that it does not exceed a richness of 0.95. although its composition is oxidizing to 
consume the particle and soot deposits present in this filter. This can be done by post-injection of 
fuel into combustion chambers 38 of cylinders 34 by fuel supply means 40. This increase in 
richness enables the temperature of the exhaust gases to be increased to a temperature of 
approximately 450°C to ensure regeneration of the particle filter. 

Of course, this clogging threshold can be determined by any other means, such as models 
taking into account the distance traveled by the vehicle since the last regeneration or the 
operating life of the filter. 

Starting at this time, with reference to Figure 3, the control unit 54 triggers the regeneration 
sequence of the particle filter [RG FAP]. Starting at this point, the unit checks, by means of 
sensor 30, to see whether the gas temperature upstream of the filter [Tp a ] corresponds to the 
temperature necessary for regenerating the filter [Tp rg ] to ensure combustion of the particles 
present in the filter and, through probe 46, whether the richness of the exhaust gases is that 
required to achieve this temperature. If not, the unit sends instructions to the engine elements 
such as the fuel injector to achieve this temperature and this richness. If the temperature [Tp a ] 
upstream of the filter is greater than or equal to the regeneration temperature [Tp rg ], the unit 
looks at the internal temperatures of the various regions of the filter [Tpi] using internal sensors 
24, 26, and 28. If none of these internal temperatures reaches the critical temperature threshold 
[Tp a ], regeneration of the filter continues with the parameters defined. If at least one of these 
temperatures reaches or exceeds the critical threshold [Tp a ], unit 54 commands the engine 
elements through line 56 such that the combustion in the engine goes into rich mode with a 
richness greater than 1 (for example 1.5) thus reducing the oxygen concentration in the exhaust 
gases. The effect of this is to reduce the amount of oxygen that can be burned with the particles 
and reduces the filter internal temperatures. 

After this step, if all the internal temperatures [Tpi] of the filter picked up by sensors 24, 
26, 28 are below the critical temperature threshold [Tp a ], then filter regeneration continues, 
passing into the lean combustion mode of the engine with a richness as defined when the filter 
regeneration phase [RG FAP] is started. If at least one of the internal temperatures [Tpi] is 
greater than this threshold, unit 54 acts through line 56 on the engine elements such that the 
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richness increases still further, reducing the oxygen level of the gases passing through the filter 
so that combustion of the particles and soots in the filter is calmed or even arrested and 
appropriate temperatures are obtained in all the regions of the filter. 

Thus, in the filter regeneration sequence, which lasts several minutes, there will be a 
sequence of engine rich/lean combustion modes to control the exotherm of this filter. 

Of course, this exotherm control when the filter is regenerated can apply equally to a non- 
catalyzed and a catalyzed filter. 

Figure 4 shows a variant of the engine in Figure 2 so that it has essentially the same 
reference numerals. 

In this variant, the exhaust line 12 additionally has a catalyst 58 on which nitric oxides 
build up, known as a NOx trap. 

This NOx trap 58 is located upstream of particle filter 10 in the circulation direction of the 
exhaust gases, and the pressure sensor 48 is located upstream of this trap while the temperature 
sensor 30 is located between trap 58 and filter 10. 

During the trap desulfation and particle filter regeneration phases, as described as an 
example in French Patent Application No. 2,825,412, the NOx trap is traversed by exhaust gases 
reaching very high temperatures, approximately 750°C. 

When they exit this trap, these gases, which have stayed at essentially the same 
temperature, pass through the particle filter and participate in the filter temperature rise when the 
particles and soot present in this filter are burned. If the temperature rises exceeds a 
predetermined threshold, this filter can be seriously damaged or even destroyed. 

Regulation of the particle filter. exotherm during filter regeneration is hence necessary for it 
to retain its entire regeneration and conversion capacity in the case where this filter is catalyzed. 

As stated above, the control unit 54 evaluates the degree of filter 10 clogging due to the 
pressure loss measured by pressure sensors 48 and 50 and if this level reaches a threshold value 
the particle filter regeneration sequence is started. 

Simultaneously, with reference to Figure 5, at time tl a NOx trap desulfation sequence is 
performed with the particle filter regeneration sequence even if the NOx trap has not reached a 
sulfur saturation threshold. 
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At the regeneration and desulfation sequences, the engine control unit 54 sends instructions 
to the engine elements for the latter to operate in lean combustion mode with, between times tl 
and t2, an increase in richness up to a value less than 1, which generates an increase in exhaust 
gas temperature up to about 450°C. Next, between times t2 and t3, the engine operates in rich 
mode because of another increase in richness above 1 to ensure desulfation of the NOx trap 
above a temperature of approximately 600°C. 

At time t3, desulfation of trap 22 is performed and the temperature of the exhaust gases 
leaving this trap is at a level such that the control unit looks at the internal temperatures of the 
various filter regions, by means of internal sensors 24, 26, and 28. If none of these internal 
temperatures reaches the critical temperature threshold, filter regeneration continues with the 
parameters defined. If not, unit 54 controls the engine elements via line 56 such that combustion 
in the engine goes into rich mode as described above in relation to Figure 3. 

Thus, at the time of the filter regeneration sequence, we find, starting at time t3, a sequence 
of engine rich/lean combustion modes enabling the exotherm of this filter to be controlled, as 
illustrated in Figure 5. 

The present invention is not confined to the examples described but encompasses all 
equivalents and variants. 



